The effects of substituting soyabean meal with yeast (Sacharomyces cerevisae) meal in diets fed to Clarias gariepinus was studied for 60 days. Growth response, haematological and biochemical parameters were evaluated. 105 juvenile three-weeks old C. gariepinus composed of seven treatment groups replicated thrice were used for the study. Each replicate had five fishes. The Groups (A to G) were: Group A, 0% yeast meal (YM) (15 juveniles); Group B, 10% YM; Group C, 20%; Group D 30%; Group E, 40%; Group F, 50%; and Group G, 100% YM. The acceptability of yeast based diets by C. gariepinus was studied using the time to strike index, and their growth responses studied using 'weight gain' and 'specific growth rate' while the haematological and biochemical indices were assessed using the different blood parameters. The results indicate that substituting yeast meal for soyabean meal in diets fed C. gariepinus juveniles slightly increased the growth response. All the catfishes fed with 100% yeast meal (diet G) died within the first week. Increasing proportion of substitutions of yeast meal in diets fed to C. gariepinus juveniles, led to weight increase in all dietary types with exception of diet G and higher growth induction in catfishes fed diets with exception of diet B. Diet F induced better mean growth than the control diet. Substitution of various levels of soyabean meal with yeast meal after 30 days led to better result on haemoglobin (HB), red blood cell (RBC), packed cell volume (PCV) and white blood cell (WBC) in diet C Group when compared to the control, while after 60 days, diet F Group had better HB, RBC, PCV and WBC values than the control. Substitution of varied percentages of soyabean meal with yeast meal for 60 days led to significantly higher (P < 0.05) serum, total protein and cholesterol in some of the groups on yeast meal inclusion when compared to the control, and significantly higher (p < 0.05) serum aspartate aminotransferase activity in all the groups given yeast meal based diets when compared to the control (Group A). There were however no significant differences (p > 0.05) between those on yeast inclusion and the control in the serum alanine aminotransferase activity. This study shows that yeast inclusion at 50% (diet F) led to significantly better growth, weight gain, haematological and biochemical profile than other diets. This study shows that yeast inclusion may have a better effect on fish diet at lower levels of inclusion. Diet F (50% yeast inclusion) was considered the best level of inclusion because of enhanced nutritional status, better blood parameters and improved health of fishes.
INTRODUCTION
Clarias gariepinus has been widely cultured because of its high growth rate, disease resistance and amenability to high density because of their air breathing habits (Haylor, 1993; Leung and Tisdell, 1997; Machiels and Henken,1985) . The increase in demand for fish has led to growth in aquaculture. This increase can be attributed to factors such as increasing world population, an increase in the spending power of individuals in developing countries and the changing tastes and preferences toward sea food than meat. Fish provides the energy for life processes or provides material for restoration or replacement of worn out cell components or for growth and reproduction. As a result, most countries in the tropics have focused mainly on the development and exploitation of their fisheries resources as an avenue of providing theirs citizens with the needed animal protein.
The African catfish, (C. gariepinus) family (Clarridae) is a North African catfish that is cultured in many tropical and sub-tropical regions of the world Fong,1985,1997) . The fish constitutes the largest group of cultured species after Cyprinus carpio, the common carp, Salmonids and Tilapia because it adapts and grows well under cultured system. The Nigeria aquaculture industry is currently faced with the problems of inadequate supply and prohibitive cost of quality fish feeds. Fagbenro and Adeparusi (2003) reported increasing attempt to develop practical diets for farmed fish in Nigeria. Omitoyin (1995) and Aderemi et al. (2004) noted that Nigeria produces large quantity of agricultural and agro-industrial by-products which serves as alternative feed sources to conventional feed ingredients. The technology of formulating, manufacturing and feeding practical diets is advanced to the stage that highly productive and cost efficient feeds are being produced.
In recent years, aquaculture researchers have focused on the development of balanced and cheap fish diets. Fish meal has been used as a source of protein. Current researchers focused on the use of alternative cheaper source of protein because of the rising cost of fish meal. In catfish diets, soybean has been used as a good replacer of fish meal with encouraging results. Soyabean meal has become the key feed ingredient among the protein supplements. In many developing countries including Nigeria, the quest for soyabean is in excess of its supply because of its use by humans and the livestock industries. The development of a sustainable and environmental friendly aquaculture demands the use of various plant proteins such as soyabeans meal and canola meal diet, which are considered promising protein sources as substitutes for fish meal in fish diet. Soyabean meal is being substituted because it contains about 45% crude protein, 56% lipid and 40% carbohydrate. It has lysine content that approaches that of fish meal for most aquaculture diets, it is however deficient in the sulphurcontianing amino acids. The inclusion of soyabean meal *Corresponding author. E-mail: ngozi4evelyn@yahoo.com.
Abbreviations: YM, Yeast meal; HB, haemoglobin; RBC, red blood cell; PCV, packed cell volume; WBC, white blood cell. Ezenwaji et al. 15803 presents problem relating to palatability and availability of nutrients (Spinelli, 1978 (Tacon, 1992 ) (The numbers represents chemical score and limiting essential amino acids of selected protein sources). The need for these essential amino acids, vitamins and minerals is because they induce growth, elevate blood parameters and help the immune system to fight against diseases (Mustin and Lovell, 1995) .
Protein is often the most expensive nutrient in manufactured diets and should be kept to a minimum, consistent with good growth and feed conversion. Dietary protein constitute therefore the principal nutritive cost associated with the formulation of fish diets, and is the primary source of nitrogen waste in culture system (Perez et al., 1997) . Ayyaru and Ventakatesen (2010) observed a consistent increase in neutrophil activity and changes in the number of total white blood cell count in fish fed yeast. The increase in white blood cell count can be correlated with an antibody production which helps in survival and recovery of the fish exposed to lindane (Joshi et al., 2003) . According to Wedemeyer et al. (1983) , study of haematological and biochemical parameters are carried out on fish to ascertain the normal range of blood parameters, determine variation with age, sex, season, and disease conditions that affect these parameters. Decreased protein level may also be attributed to stress mediated immobilization of these compounds to fulfill an increased element for energy by fish, to cope with environmental condition exposed by the toxin (Jenkins et al., 2003) . The depletion of total protein content may be due to augmented proteolysis and utilization of their product for metabolic purposes. Change in the aminotransferases, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) which promote gluconeogensis from amino acids, as well as the effect of changes in the aminotransferase activities on liver condition, has been reported (Wieser and Hinterleitner,1980; Ekanem and Yasuf,2005) .
The liver is the primary organ of biotransformation and serves a number of functions such as interconversion of foodstuff, synthesis of many plasma proteins and cholesterol. Haematological studies are important in clinical assessment because the blood is the major transport system of the body, and any deviations from the normal caused by invasions of the body by pathogens, other forms of injury and stress are reflected by changes in the blood picture (Schalm et al., 1975) . Haematology is therefore indispensably important in arriving at a diagnosis, assessing the efficacy of therapy, several parasitic diseases, toxicity of drugs and chemical substances (Schalm et al., 1975; Gingerich,1982) . The assessment of the serum biochemistry profile is important because of its predictive value of pathological changes in vital internal organs of the body such as liver, kidney, pancreas, heart and muscles (Tyson and Sawhney, 1985; Coles, 1986) .
The serum biochemistry is useful in evaluating the nature and extent of a disease process, response to therapeutic interventions and to forecast possible outcomes (Coles, 1986) , and is of immense relevance in the clinical assessment of fishes which include: determination of serum activity of enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase; also evaluation of synthetic activity of the liver by assessment of total protein, albumin, and serum cholesterol. The study of the biochemical characteristics of cultured fish in the development of aquaculture system, particularly as regards to fish species, is important and is used in the detection of healthy from diseased or stressed animal (Rainza-Paiva et al., 2003) .
The aim of this research was to evaluate the effects of varied percentages of yeast inclusion on the haematology, serum biochemistry indices and on growth of C. gariepinus, in order to assess the suitability of yeast inclusion in fish diet.
MATERIALS AND METHODS

Fish
105 Clarias gariepinus juvenile weighing 29.0 ± 0.05 g with average length of 7.5 ± 0.00 cm purchased from Unifaco Farms, Enugu, Enugu State Nigeria, were transported to the Fisheries and Hydrobiology Laboratory located within the Zoological Garden of the University of Nigeria, Nsukka. The catfish juveniles were divided into 15 plastic flow-through (60 l) plastic fish culture tanks containing 20 l of water each and acclimatized for two weeks, aerated and covered with mosquito nets to prevent the fish from jumping out. Each plastic tank had five catfishes. During the acclimatization period, the fishes were fed 5% of their body weight with 25.15% crude protein diet in (Table 1 ) divided rations, twice daily. Water was replaced every 48 h after feeding, in order to maintain a healthy environment for the fish during both acclimatization and experimental period. The water parameters during the experimental period were temperature: 26.0 ± 20°C, pH: 7.2 ± 0.1, and dissolved oxygen, 6.2 ± 0.00 mg/l.
Dietary ingredients
The dietary ingredients for the diet formulation were bought from Nsukka main market, processed and preserved.
Blood meal
Fifteen litres of fresh cow blood weighing 3 kg was purchased from the Nsukka abattoir, pickled with 10 g of NaCl and pressure cooked to firmness for about 30 min at 100°C. The solidified blood was cut into tiny bits and sun dried. The dried blood was finely ground into powder.
Soyabean meal
3 kg of soyabean were soaked overnight and autoclaved at temperature of about 110°C for 20 min. The autoclaved soyabean was sun dried for six days and the dried soyabean was finally grounded into powder.
Yellow corn meal
Dried corn 2.6 kg was finely grounded into flour and sieved.
Fish meal
1 kg of dried fish was finely grounded into powder.
Yeast
2 kg of yeast was dried and grounded into powder.
Diets
The diets ingredients were weighed out as presented in Table 2 . 1 kg of the diet ingredients was homogenously mixed with 400 ml of water to produce dough. The dough was transferred into a heat resistant polythene bag, sealed and boiled for 1 h. The heat gelatinized the starch which bound the diets. The different diets were pelletized using an improvised sieve with openings of 1 mm 2 and dried in an oven for 45 min. The resulting diets were stored separately in labeled dry air tight plastic container. Diet A, the control diet had no yeast meal (YM), diet B had 10% YM, diet C had 20% YM, diet D had 30% YM, diet E had 40% YM, diet F had 50% YM, diet G had 100% YM. In all the test diets, soyabean meal was substituted with yeast meal. Diets were proximately analyzed (AOAC, 1975) .
Growth
A randomized Latin square design of seven treatments replicated thrice was employed for the growth performance. Each treatment was fed specific diet. Treatment A was fed diet A, B fed diet B etc. The record of weekly weights for all treatment was used in adjusting the feeding rate. The growth rate was calculated using the formula: specific growth rate (SGR) = W1 -W2 / t × 100 (Eyo, 2003) ; where, W1 = final weight; W2 = initial weight, t = time in days.
Haematological profile
Blood sample were collected by cardiac puncture using a separate heparinized plastic syringe, fitted with 21 gauge hypodermic needle and preserved in disodim salt of ethylene diamine tetra-acetic acid (EDTA) bottles for analysis. Approximately 2 ml of blood from each fish was put separately into a bottle and were used in the assessment of the various blood parameters. The packed cell volume (PCV) of the fish was obtained by filling the heparinized capillary tubes (Marienfeld, Germany) with whole blood, sealed at one end with plasticine and centrifuge for 5 min in a Hawksley microhaematocrit centrifuge (Hawksley, England) at 10000 revolution per minute (rpm), and the PCV read off the haemotocrit reader (Hawksley, England). Haemoglobin concentration was estimated using the cyano-methaemoglobin method (Brown,1980 ; Dacie and Lewis, 1979) . The white blood cell and red blood counts were done as described by Schalm (1975) . The leucocytes differential cell counts were done using leishman counter stain (Bemac Science and Chemical Company, Nigeria) techniques (Vallada, 1988) . The cells were counted using a light microscope (Leica lnc. USA) at ×10 objective.
Biochemical analysis
Blood for biochemical analysis were collected by cardiac puncture using separate disposable syringes. Approximately 5 ml of blood was collected from each fish. The blood was allowed to clot and serum was separated from clot by centrifugation.
Serum total protein
The serum total protein was analyzed by Biuret method. Commercially available test kits products of Randox U.K (Randox, England) were used and manufacturers' instructions strictly adhered to.
Cholesterol determination
The determination of cholesterol was carried out using enzymatic colorimetric test (Chop-pap method) for the in vitro determination of cholesterol in serum using Quimica Clinica Applicada (QCA) test kit (QCA, S. A Spain) as described by Allain et al. (1974) .
Aspartate aminotransferase (AST)
AST determination was done by the Reitman-Frankel colorimetric method for in vitro determination of AST in serum using a Quimica Clinica applicada (QCA) test kit (QCA,Spain) (Reitman and Frankel, 1975) .
Alanine aminotransferase (ALT)
ALT was carried out using Reitman and Frankels method. The assay kit was Quimica Clinica Applicada (QCA) test kit (QCA, Spain) (Reitman and Frankel, 1975) .
Statistical analysis
Data obtained was analyzed for statistical difference using Anova at 95% confidence level, and mean values were separated using Duncan new multiple range test (Duncan,1955; Ritcher, 1975) .
RESULTS
Growth studies
The effect of increasing levels of yeast meal in diets on the weight gain of fish species are shown in Figure 1 . It was observed that fish species in treatment F fed diet containing 50% yeast meal gained more weight (2.46 ± 0.05 g) when compared with the mean weights of fishes fed diets A to E. The results of other treatments were diet B (1.45 ± 0.03 g), diet C (1.56 ± 0.07 g), diet D (1.65 ± 0.03 g), diet E (2.03 ± 0.03 g), and diet A (2.22 ± 0.03 g) (Figures 1 and 2 ). The effect of increasing substitution of soyabean meal for yeast meal on mean weight gain of C. gariepinus juveniles fed for 60 days showed growth difference with different dietary types. The catfish fed 100% yeast meal inclusion all died within the first week of the experiment (Figure 1 ).
Specific growth rate (SGR)
The effect of yeast meal based diets on specific growth rate of fish species are shown in Figure 2 . It was observed that the catfish juveniles fed diet F (4.11±.40 g/day) grew better than those fed diet A (3.70 ± 0.91 g/day), followed by diet E (3.38 ± 0.60 g/day), diet D (2.75 ± 0.10 g/day), diet C (2.61 ± 0.03 g/day), and diet B (2.43 ± 0.18 g/day).
Haematological profile
The haematological profile of substituting yeast meal for soyabean meal in different fish groups after 30 days of feeding the experimental diets is presented in Table 3 while the profile after 60 days is presented in Table 4 . The mean haemoglobin (HB) concentrations of Groups B, C and E (10, 20 and 40% substitution) were significantly higher (p < 0.05) than that of control (Group A) but the mean haemoglobin of Group F (50%) was significantly lower (p < 0.05) than that of the control after 30 days. However, the mean HB of the Groups B, C, D and E were significantly higher (p < 0.05) than that of the control (Table 4 ) after 60 days. The effect of the treatment of yeast meal on the mean red blood cell count of Groups B, C, D, E and F (10, 20, 30, 40 and 50% substitution), respectively were significantly higher (p < 0.05) than that of the control after 30 days (Table 3 ). The mean red blood cell count of the Groups B, C and F (10, 20 and 50% substitution) were significantly higher (p < 0.05) than that of the control (Group A) but Group E (40%) was significantly lower (p < 0.05) than that of the control after 60 days (Table 4) . The mean PCV level of Groups B, C, D, and E (10, 20, 30 and 40% substitution) were significantly higher (p < 0.05) than that of the control (Group A), after 30 days (Table 3) while the mean PCV level of Groups B, C and F were significantly higher (p < 0.05) than that of the control after 60 days (Table 4 ). The effect of dietary substitution on the experimental fish groups of C. gariepinus after 30 days showed that the mean white blood cell count of Groups B, D, E and F (10, 30, 40 and 50% substitution) were significantly lower (p < 0.05) than the control (Group A and C) ( Table 3) . After 60 days, however, the mean white blood cell count of the Groups B, C, D, E and F (10, 20, 30, 40 and 50% substitution) were significantly lower (p < 0.05) than that of the control (Table 3) .
Microscopic examination of blood smears revealed the presence of neutrophils, monocytes and lymphocytes. Under the condition employed here, no basophils or esoinophils were found in blood smears of C. gariepinus. However, the mean neutrophil concentrations of Groups D and F were significantly higher (p < 0.05) than that of the control while Groups B, C and E were significantly lower (p < 0.05) than the control after 30 days (Table 3) , but after 60 days of yeast inclusion, neutrophil concentration in Groups D, E and F were significantly higher (p < 0.05) than the control. The result also showed that the mean monocyte concentrations of Groups B, C, E and F (10, 20, 40 and 50% substitution) were significantly higher (p < 0.05) than that of the control after 30 days (Table 3) , while the mean monocyte concentrations of the Groups B, C, E and F were significantly higher (p < 0.05) than the control (Group A) after 60 days (Table 4) .
The mean lymphocytes concentrations of Groups B, E and F (10, 40, 50% inclusion), respectively were significantly lower (p < 0.05) than the control (Group A) but that of Group D (30%) was significantly higher (p < 0.05) than that of the control after 30 days (Table 3) . After Ezenwaji et al. 15807 60 days however, the mean lymphocytes concentrations of the Groups B, E and F were significantly higher (p < 0.05) than the control (Table 4) .
Biochemical profile
The biochemical profile of fish groups after 30 days of feeding the experimental diets is presented in Table 5 , while the profile after 60 days is presented on Table 6 . After 30 days of feeding the experimental diets, the serum total protein of Groups C, D and F (20, 30 , and 50% inclusion), respectively was significantly higher (p < 0.05) than that of Groups A (0% ) and E (40%), but after 60 days the serum total protein of Groups A, C and F (0, 20, and 50%) were significantly higher (p < 0.05) than that of Group B, D and E (10, 30, and 40% inclusion ) (Tables 5 and 6 ). The mean serum cholesterol of Group D fishes was significantly higher (p < 0.05) than those of all other fish groups after 30 days of feeding while that of Group B fishes was significantly lower (p < 0.05) that those of all other groups (Table 5 ). After 60 days of feeding however, the mean serum cholesterol of the Group F (50%) fishes was significantly higher (p < 0.05) than that of other fish groups and that of Group E (40%) was significantly lower (p < 0.05) than those of all other groups (Table 6 ). The serum AST activity of the fish groups fed diets (Groups B to F) were significantly higher (p < 0.05) than that of the control (Group A) after both 30 and 60 days of feeding on the experimental diets (Tables  5 and 6 ). In contrasts, there were no significant variations (p > 0.05) in the serum ALT activity of all the fish groups (Tables 5 and 6 ).
DISCUSSION
Based on reported proximate analysis of yeast meal based diets in Table 2 , it was noted that yeast's crude protein (25.15%) and corn meal's carbohydrate (66.28%) could be utilized for catfish diet, considering their levels of protein and energy. The quantity of protein: carbohydrate ratio in each diet was found to be proportional and correspond to the nutritional need of the catfish fed. However, the result obtained for the control diet A (0%) 2.22 ± 0.03 g weight gain was statistically not significant (p > 0.05) when compared with the 50% result obtained for yeast meal based diet (Diet F) 2.46 ± 0.05 g weight gain. The increase meal weight gain and specific growth rate observed in catfish fed 50% yeast meal based diet may be due to effect of protein. Eyo (2005) demonstrated in the hybrid catfish Heterobrachus bidorsalis (♂) × C. gariepinus (♀) that during energy starvation, protein molecules are mobilized and as such growth is affected. Increasing substitution of soyabean meal for yeast meal lead to increase in protein contents of diets. The diet with 50% (Diet F) yeast , Different superscripts in a row indicate significant difference between the means (P < 0.05). The composition of the different diets is given in Table 2 . , Different superscripts in a row indicate significant difference between the means (P < 0.05). The composition of the different diets is given in Table 2. inclusion substituted for soya bean meal has the best performance. The substitutions of the soyabean meal with yeast meal offer much prospects of conversion of yeast meal into fish protein, and boost the blood parameters and health of fish. Statistical analysis showed that the mean weight increase and specific growth rates for the different incorporation levels were significantly different, except for 10% yeast inclusion. Jarmolowicz et al. (2012) reported the effect of brewer's yeast extract on growth while Yuan et al. (2012) reported a significant negative relationship between growth response and the level of fish meal protein replacement with fermented soyabean meal. Ayyaru and Venkatesan (2010) reported the effects of dietary (beta) 1,3 glucan and whole cell yeast (Sachacromyces uvarum) on immune response and disease resistance in C. carpio with encouraging results; stated that dietary supplementation of glucan significantly increase the white blood cell count in fish on the 60th day (2.91± 0.04 × 104). The utilization of yeast inclusion in C. gariepinus was in line with this works of Ayyaru and Ventakatesan (2010) . The effect of the substitution of soyabean meal with yeast meal on mean haemoglobin value after 30 days showed similar range values reported in Nile Tilapia (10.40 g/dl) (Nilza de Lucas et al., 2003) . The outstanding increase in red blood cell may be attributed to the high protein content of soyabean and yeast based diet. Kenari et al. (2012) in their study on how low dietary nucleotide (NT) supplements influence the growth, haematoimmunological parameters and stress responses in endangered Caspian brown trout (Salmon trutta , Different superscripts in a row indicate significant difference between the means (P < 0.05). The composition of the different diets is given in Table 2 .
caspius) reported that fish fed diet with 2.5 g dietary (NT) kg -1 had higher blood protein, albumin, red blood cells, lymphocyte content and lower alkaline phosphotase similar to this study. The incorporation of yeast into the diet boosted the PCV level (Kenari et al., 2012) . This was similar to the values described for Nile Tilapia (Nilza et al., 2003) but lower than the value reported by Gabriel et al. (2001 Gabriel et al. ( , 2004 on C. gariepinus. Neutrophils increased with increase in yeast inclusion observed in this study, similar to Ayyaru and Ventakatesen (2010) .
This study showed that yeast inclusion may have a better effect on fish diet at lower levels of inclusion. Ramesh and Savananan (2000) reported that serum total protein value for fresh water fish C. carpio was 6.705 ± 0.653 g/dl. This is similar to the values obtained in the present study at 20% yeast inclusion 6.33 ± 0.03 g/dl after 60 days. This is however lower than the value reported by Nilza de Lucas (2003) on Orechromis niloticus. Yeast inclusion boosted the cholesterol level. This was in line with the values described for millet (Fatma et al., 2008) . The cholesterol level observed in this study would be as a result of increased utilization for corticosteroid synthesis. It may also indicate impairment of the liver synthesis, but there is no direct evidence for this in the literature. Marked increases in cholesterol observed at 50% yeast inclusion may be as a result of enhanced production by the liver and other organs. Enzymes such as aspartate aminotransferase and alanine aminotransferase are well known transaminases that play important role in metabolism. In the present study, exposure of C. gariepinus to yeast after 30 and 60 days, respectively gave a similar reference range to that of Kristoffersion et al. (2009) and Osman et al. (2009) on pollution with benzo-a-pyrene in catfish (C. gariepinus). The study on alanine aminotransferase is different from the work of Myburgh et al. (2008) . Elevation gives an indication of cytotoxicity while decreases observed could suggest leakage of enzyme into the serum from liver.
Conclusion
Yeast could be substituted for soyabean as protein in fish diet at low level of inclusion. Diet F (50% yeast inclusion) was considered the best level of inclusion because of enhanced nutritional status, better blood parameters and improved health of fish.
